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(57) ABSTRACT

A method for detecting frequency offset of an oscillator
includes: receiving an oscillation signal having an oscillation
frequency; generating a self-mixing signal according to the
oscillation signal; performing frequency division upon the
self-mixing signal to obtain a down-converted self-mixing
signal; obtaining a down-converted self-mixing frequency
corresponding to a maximum power in a specific frequency
range of the down-converted self-mixing signal; and comput-
ing a frequency offset of the oscillation frequency according
to at least the oscillation frequency and the down-converted
self-mixing frequency. A related circuit is also disclosed.
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METHOD FOR DETECTING FREQUENCY
OFFSET OF OSCILLATOR AND ASSOCIATED
CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The disclosed embodiments of the present invention relate
to an oscillation circuit, and more particularly, to a method for
detecting frequency offset of an oscillator, and an associated
circuit.

2. Description of the Prior Art

FIG. 1is a chartillustrating an oscillation frequency output
by a crystal oscillator with respect to temperature. When there
is a change in temperature, the oscillation frequency will
inevitably deviate from a target frequency. As shown in FIG.
1, the curve of the oscillation frequency versus the corre-
sponding temperature is S-shaped, i.e. an S curve. The offset
of the oscillation frequency affects electronic devices, espe-
cially for systems or applications which have a low tolerance
for frequency offset, such as Global Positioning Systems
(GPS).

A conventional compensation method for frequency offset
is the application of a temperature compensated crystal oscil-
lator (TCXO). When the TCXO is manufactured, an S curve
of'a crystal oscillator is derived and saved in an external chip
in advance. The chip can further compute an inverse curve
against the S curve and generate a model accordingly, to
exactly compensate the frequency offset of the crystal oscil-
lator. The TCXO is uneconomical in manufacturing terms,
however, and if the S curve of the crystal oscillator changes,
the external chip may fail to compensate the frequency offset
precisely with repeated use, as the stored S curve is a fixed
curve. In other words, the conventional TCXO has a limited
lifetime. Another prior art compensation method measures
the S curve and then compensates by utilizing external digital
circuits. This method has the shortcomings of a complicated
control mechanism, and also has a limited lifetime.

Therefore, there is a need for a novel frequency offset
detection mechanism capable of computing frequency offset
of a crystal oscillator without deriving an S curve of the
crystal oscillator in advance, and compensating the crystal
oscillator based on the computed frequency offset.

SUMMARY OF THE INVENTION

One of the objectives of the present invention is to provide
amethod for detecting frequency offset of an oscillator, and to
provide an associated circuit to solve the above-mentioned
issues.

According to a first aspect of the present invention, a
method for detecting frequency offset of an oscillator is dis-
closed. The method comprises: receiving an oscillation signal
having an oscillation frequency; generating a self-mixing
signal according to the oscillation signal; performing fre-
quency division upon the self-mixing signal to obtain a down-
converted self-mixing signal; obtaining a down-converted
self-mixing frequency corresponding to a maximum power in
a specific frequency range of the down-converted self-mixing
signal; and computing a frequency offset of the oscillation
frequency according to at least the oscillation frequency and
the down-converted self-mixing frequency.

According to a second aspect of the present invention, a
circuit for detecting frequency offset of an oscillator is dis-
closed. The circuit comprises a self-mixer, a frequency
divider and a control circuit. The self-mixer is arranged to
generate a self-mixing signal according to a received oscilla-

10

15

20

25

30

35

40

45

50

55

60

65

2

tion signal having an oscillation frequency. The frequency
divider is arranged to perform frequency division upon the
self-mixing signal to obtain a down-converted self-mixing
signal. The control circuit is arranged to obtain a down-
converted self-mixing frequency corresponding to a maxi-
mum power in a specific frequency range of the down-con-
verted self-mixing signal, and compute a frequency offset of
the oscillation frequency according to at least the oscillation
frequency and the down-converted self-mixing frequency.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a chart illustrating an oscillation frequency output
by a crystal oscillator with respect to temperature.

FIG. 2 is a diagram illustrating a circuit for detecting fre-
quency offset of an oscillator according to a first embodiment
of the present invention.

FIG. 3 is a diagram illustrating a circuit for compensating
frequency offset of an oscillator according to an exemplary
embodiment of the present invention.

FIG. 4 is a diagram illustrating applying the disclosed
oscillation frequency offset detection circuit to a transceiver
according to an exemplary embodiment of the present inven-
tion.

FIG. 5 is a flowchart illustrating a method for detecting
frequency offset of an oscillator according to a first exemplary
embodiment of the present invention.

FIG. 6 is a diagram illustrating applying the transceiver
shown in FIG. 4 to an electronic device according to an
embodiment of the present invention.

FIG. 7 is a flowchart illustrating a method for compensat-
ing frequency offset of an oscillator according to an exem-
plary embodiment of the present invention.

DETAILED DESCRIPTION

Certain terms are used throughout the description and fol-
lowing claims to refer to particular components. As one
skilled in the art will appreciate, manufacturers may refer to a
component by different names. This document does not
intend to distinguish between components that differ in name
but not function. In the following description and in the
claims, the terms “include” and “comprise” are used in an
open-ended fashion, and thus should be interpreted to mean
“include, but not limited to . . . . Also, the term “coupled” is
intended to mean either an indirect or direct electrical con-
nection. Accordingly, if one device is coupled to another
device, that connection may be through a direct electrical
connection, or through an indirect electrical connection via
other devices and connections.

FIG. 2 is a diagram illustrating a circuit for detecting fre-
quency offset of an oscillator according to a first embodiment
of the present invention. In this embodiment, the oscillation
frequency offset detection circuit 200 includes a digital-to-
analog converter (DAC) 201, a mixer 203, a self-mixer 205, a
frequency divider 207, a gain amplifier 209 and a control
circuit 210. The control circuit 210 includes an analog-to-
digital converter (ADC) 211, a frequency computer 213 and
an operation circuit 215. The mixer 203 is for mixing an
oscillation signal S_,. and an input signal S,,,, which has an
input frequency f,, and is obtained from the output ofthe DAC
201, to generate a mixed signal S, wherein the oscillation

mixs
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signal S_;_has an oscillation frequency f, . The mixed signal
S, 18 then transmitted to the self-mixer 205 (e.g. byway of

coupling), and the mixed signal S,,,.. is self-mixed to generate
a self-mixing signal S,,. The frequency divider 207 having a
frequency division factor performs frequency division upon
the self-mixing signal S_,,, and generates a down-converted
self-mixing signal S,_,. The gain amplifier 209 subse-
quently adjusts the amplitude of the down-converted self-
mixing signal S,_,,, to an appropriate range, to prevent satu-
ration or poor utilization in the following ADC 211. A gain
amplified signal S_, output by the gain amplifier 209 in an
analog domain is converted to an ADC signal S, in a digital
domain by the ADC 211. The frequency computer 213 is
utilized to perform Fourier transform upon the ADC signal
S, for deriving a down-converted self-mixing frequency
fosm corresponding to a maximum power in a specific fre-
quency range. The operation circuit 215 is capable of deriving
a frequency offset f, according to at least the down-converted
self-mixing frequency f,_.,,, the frequency division factor N
and the oscillation frequency f, ... For instance, it is feasible to
apply a Fourier transformer with respect to the ADC signal
S,z for the down-converted self-mixing frequency £, cor-
responding to a maximum power in a specific frequency
range. In an alternative design, a pattern correlation may be
processed for the ADC signal S, . based on a plurality of
predetermined frequencies, so as to derive the down-con-
verted self-mixing frequency f,_,, corresponding to a maxi-
mum power in a specific frequency range. Please note that the
invention is not limited to the method of obtaining the down-
converted self-mixing frequency f,_,, corresponding to the
maximum power in the specific frequency range, and any
other method which is able to derive the main frequency also
falls within the scope of the invention, such as a modified
version of the typical Fourier transform or the typical pattern
correlation. In this exemplary embodiment, a crystal oscilla-
tor 216 outputs a crystal oscillator signal S .., with a crystal
oscillator frequency f.,,,,; The frequency synthesizer 217
doubles the crystal oscillator frequency {,,,,,, to the oscilla-
tion frequency f ., i.e. the oscillation signal S .. A frequency
offset of the crystal oscillator signal S, therefore
becomes a doubled frequency offset through the process of
the frequency synthesizer 217. It should be noted that the
frequency offset f, here refers to the doubled frequency offset.
The input signal S,,, and the oscillation frequency f, are
mixed by the mixer 203 to produce the mixed signal S,,,,,.. The
process can be expressed by the following equations.

Sp=cos(2mf;,,1)
Sosc=COS (2o c1)

Six=C0S(27f;,,2)*cos [21(f)1]

When the frequency offset f is incorporated into the oscil-
lation signal S__., the process of generation of the mixed
signal S, can be expressed by the following equations.

Smix: = CO8(27 fin) # cOS[27( fosc + fo)1]

1
= 5 {cos[2a(fin = Jose =[] + OS2 fin + fosc + o)1}

To derive the self-mixed signal S,,, produced by the self-
mixer 205 which performs self-mixing upon the mixed signal
S,.ix» the above equations can be arranged as:
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a=c=cos [20(f3,~fosc S
b=d=cos [2n(fy,+foe A )]
The self-mixed signal S, is given by:

1 1
Ssm = Six #Smix = 5(@+b)x 5(c +d)
1
= Z(ac+ad+bc+bd)

wherein:

ac = %{1 +¢08[27 % 2(fin — fosc — £}
ad = %{cos [270 % 2(=2 fose — 2 f)1] + cos(2x 2 fi D)}
be = %{COS[ZR %22 fo5c + 2f)1] + cos(2r 2 £;,0)}

bd = %{1 +cos[2m# 2(fiy, + fosc + )11}

2
1 { cos[22(2fose + 2 — fin)] +
= |

1{ cos[27 4 2(fip — fose — f] + }
ac+bd=1+ =
cos[270 4 2(fip + fose + £:)1]

2\ cos[2a(2fse + 2f5 + 2 fin)i]

ad + be = cos[2x % 2(2 fo5c + 2f)1] + cos(2m = 2 1)

According to the above equations, the self-mixed signal
S,,, includes 5 frequency components, i.e. a first frequency, a
second frequency, a third frequency, a fourth frequency and a
fifth frequency. Specifically, the first frequency is the DC
component, the second frequency is 2*f,, (doubled input fre-
quency f, ), the third frequency is 2%f __+2*f -2*f . the
fourth frequency is 2*f, _+2*f,, and the fifth frequency is
2% A2*f+2*f . Among the five frequency components,
the third, the fourth and the fifth frequencies possess infor-
mation regarding the frequency offset f.. Therefore, the third,
the fourth and the fifth frequencies should be considered
when deriving the frequency offset £..

The exemplary embodiment intends to use the digital sig-
nal processing (DSP) for detecting, for frequency offset £,
detection and for compensation. The self-mixed signal S,
therefore needs to be transformed to the digital domain. Since
the oscillation frequency f, . of the oscillation signal S, _is a
doubled frequency of the crystal oscillator signal S_ ., the
oscillation frequency f,. is relatively high. In practice, the
ADC with a required number of bits is difficult to operate at
this high an operating frequency (the oscillation frequency
f ) for data sampling. The frequency divider 207 needs to be
utilized to down convert the self-mixed signal S,,, by the
frequency division factor N, so that the frequency of the
self-mixed signal S, can be cut down to a reasonable fre-
quency range. The five frequency components of the self-
mixed signal S,,, are all down converted by the frequency
division factor N, and then gain amplification and analog-to-
digital conversion are performed for producing the desired
ADC signal S, . It should be noted that any alternative
design which uses the above equations or concept for com-
puting, detecting and compensating frequency offset, no mat-
ter whether a digital, analog or mixed-signal based design,
also falls within the scope of the invention. After entering the
digital domain, a frequency computer is needed to compute
anyone of the down converted third, fourth, and fifth frequen-
cies. The frequency offset f, can then be obtained by using the
operation circuit 215.

In this embodiment, the down converted fourth frequency
can be employed as a target frequency, i.e. (2/N)*(f, +1f)).

osc s,

Since the scale of the frequency offset f, is not significant in a
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general case, the down converted fourth frequency (2/N)*(f+
f,) can be found in a specific range around the given (2/N)
*f .. Wherein the specific range should be configured to be a
small range. In the specific range, the frequency with maxi-
mum power is identified as the down converted fourth fre-
quency. After obtaining the down converted fourth frequency
(2/N)*(f,,.+1,), the operation circuit 215 is in charge of per-
forming a simple operation upon the down converted fourth
frequency (i.e. multiplying the down converted fourth fre-
quency by N/2, and subtracting the oscillation signal S__.
from the product) to produce the frequency offset f,. The
procedure detailed in the above embodiment can be modified
to achieve the same objective.

In another embodiment, the down converted third fre-
quency can be employed as a target frequency, i.e. (2/N)*
(,,.+f.~1f,,). Similarly, the down converted third frequency
(2/N)*(f,,+f,~1,,)) can be found in a specific range around the
given (2/N)Y*(f (£, ,.~1,), wherein the specific range should be
configured to be a small range. In the specific range, the
frequency with maximum power is identified as the down
converted third frequency. After obtaining the down con-
verted third frequency (2/N)*(f , +f,—f,,), the operation cir-
cuit 215 is in charge of performing a simple operation upon
the down converted third frequency (i.e. multiplying the
down converted fourth frequency by N/2, subtracting the
oscillation signal S, from the product, and then adding the
difference and f,,) to produce the frequency offset f,. Here,
the extra component f,, is given and can be changed arbi-
trarily, which is more flexible for frequency band selection in
practice. In a case where a certain frequency band occupied
by large noise happens to overlap with the frequency band
under processing, the noise can be avoided by properly
adjusting f, . Please note that in another case where only the
fourth frequency is detected (which means the third and the
fifth frequency is discarded), it will not be affected by the
input frequency f,,, and the input signal S,,, is therefore not
required in the embodiment shown in FIG. 2. The frequency
offset £, can be derived by self-mixing the oscillation signal
S,ses such that the mixer 203 may be omitted.

FIG. 3 is a diagram illustrating a circuit for compensating
frequency offset of an oscillator according to an exemplary
embodiment of the present invention. The oscillation fre-
quency offset compensation circuit 300 converts the down-
converted self-mixing frequency f,.,, which needs to be
compensated to the ADC signal S, in the digital domain,
and outputs the result in a format of & (where w=2*m*(xf.),
and | is the frequency offset mentioned above) to a frequency
mixer 305 located at the normal signal receiving path

FIG. 4 is a diagram illustrating applying the disclosed
oscillation frequency offset detection circuit to a transceiver
according to an exemplary embodiment of the present inven-
tion. A portion of the oscillation frequency offset detection
circuit 200 is depicted to disclose the characteristic of com-
ponent sharing. A power amplifier (PA) 401, the mixer 203
and the DAC 201 of the transceiver 400 form a signal trans-
mission path; a low noise amplifier (LNA) 407, a frequency
mixer 409 and the ADC 211 of the transceiver 400 form a
signal receiving path. The transceiver 400 further includes the
self-mixer 205, a switch 413, the frequency computer 213 and
the frequency mixer 307 (i.e. a compensation unit). In a
frequency offset detection mode, the switch 413 couples the
receiving path to the frequency computer 213, so that the
mixer 203, the self-mixer 205 and the frequency computer
213 form a part of the oscillation frequency offset detection
circuit of FIG. 2, enabling the oscillation frequency offset of
the oscillation signal S_ . to be obtained. For example, differ-
ent frequency offsets corresponding to different temperatures
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may be stored into a storage device (e.g. a non-volatile
memory). In a specific example, a look-up table of tempera-
ture versus frequency offset may be set up in the non-volatile
memory, to allow fast frequency offset compensation via
table lookup. When the crystal oscillator 216 operates at the
temperature where the frequency offset has been detected, the
control circuit 210 may directly use the frequency offset
corresponding to the temperature stored in the storage device.

In a normal signal receiving mode, the signal transmission
path is used to transmit a transmission signal S, and the
signal receiving path is used to receive a receiving signal S, .
The switch 413 couples the signal receiving path to the fre-
quency mixer 305, and allows the oscillation frequency offset
to be compensated when the temperature varies.

FIG. 5 is a flowchart illustrating a method for detecting
frequency offset of an oscillator according to a first exemplary
embodiment of the present invention. Provided that substan-
tially the same result is achieved, the steps of the flowchart
shown in FIG. 5 need not be in the exact order shown and need
not be contiguous; that is, other steps can be intermediate.
Some steps in FIG. 5 may be omitted according to various
embodiments or requirements. The oscillation frequency oft-
set detection method 500 may be briefly summarized as fol-
lows.

Step 501: receive an input signal having an input fre-
quency;

Step 503: receive an oscillation signal having an oscillation
frequency;

Step 505: mix the oscillation signal and the input signal to
generate a mixed signal;

Step 507: self-mix the mixed signal to produce the self-
mixing signal;

Step 509: perform frequency division upon the self-mixing
signal to obtain a down-converted self-mixing signal;

Step 511: obtain a down-converted self-mixing frequency
corresponding to a maximum power in a specific frequency
range of the down-converted self-mixing signal; and

Step 513: compute a frequency offset of the oscillation
frequency according to at least the oscillation frequency and
the down-converted self-mixing frequency.

After reading the paragraphs relating to the oscillation
frequency offset detection circuit 200, the steps in FIG. 5
should be readily understood. Details are hence omitted here
for brevity. It should be noted that steps 501 and 505 may be
bypassed in an alternative design which omits of the input
signal S,, as mentioned above. In this case, the step 513
should be modified to be: computing the frequency offset of
the oscillation frequency according to the oscillation fre-
quency and the down-converted self-mixing frequency.

FIG. 6 is a diagram illustrating applying the transceiver
shown in FIG. 4 to an electronic device according to an
embodiment of the present invention. The electronic 600
includes a signal transceiver 601 and an antenna 602. The
signal transceiver 601 includes a signal transceiver module
610, a storage device 611, the crystal oscillator 216 and the
control circuit 210. The signal transceiver 601 includes the
circuit architecture of FIG. 4 and FIG. 2 (i.e. the signal trans-
ceiver 601 includes the inherent signal transceiving function
but has extra capability of oscillation frequency offset detec-
tion and compensation), and further includes a temperature
sensor 603 and a transceiver controller 605. The signal trans-
ceiver 601 is able to detect the oscillation frequency offset of
the crystal oscillator 216 in a detection mode; and further
perform signal transceiving and/or oscillation offset compen-
sation in a normal mode. In this embodiment, the temperature
sensor 603 detects a temperature T of the crystal oscillator
216, and sends the result to the control circuit 210 (e.g. the
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operation circuit 215 of the control circuit 210) via the trans-
ceiver controller 605. The control circuit 210 subsequently
stores the frequency offset f, and the corresponding tempera-
ture T into the storage device 611 (e.g. a non-volatile
memory). The control circuit 210 can therefore read the fre-
quency offset from the storage device 611 directly according
to the temperature T and proceeds with frequency compen-
sation though the frequency mixer 305.

FIG. 7 is a flowchart illustrating a method for compensat-
ing frequency offset of an oscillator according to an exem-
plary embodiment of the present invention. Provided that
substantially the same result is achieved, the steps of the
flowchart shown in FIG. 7 need not be in the exact order
shown and need not be contiguous; that is, other steps can be
intermediate. Some steps in FIG. 7 may be omitted according
to various embodiments or requirements. The oscillation fre-
quency offset compensation method 700 may be imple-
mented by the electronic device 600 and is briefly summa-
rized as follows.

Step 701: start

Step 703: detect a temperature of a crystal oscillator;

Step 705: determine whether a frequency offset of the
temperature T is known; if yes, go to step 711, else go to step
707,

Step 707: detect a frequency offset f, of the temperature T;

Step 709: store the frequency offset f, and the correspond-
ing temperature T;

Step 711: compensate the frequency offset in the digital
domain;

and

Step 713: end.

Please note that it may also be feasible to detect the tem-
perature T and the corresponding frequency offset in real
time, then proceed to step 711 directly without storing the
detected result; in this alternative design, step 709 is therefore
omitted.

The oscillation frequency offset detection circuit is not
limited to detecting oscillation frequency offset introduced
by change in temperature. Oscillation frequency offset
induced by any other factors can also be detected. These other
factors include crystal oscillator aging and manufacturing
process drift. Through the disclosed frequency offset detec-
tion and compensation mechanisms, the frequency offset of
the crystal oscillator may be detected and compensated
dynamically in real time or by referring to values preset in the
look-up table, to achieve the objectives of precision, low cost
and long lifetime.

The disclosed circuit architectures in the embodiments
may be implemented in various ways. For example, the above
mentioned operations and flowcharts of the control circuit
211 may be achieved by hardware description language (e.g.
Verilog or VHDL), by software codes executed by a CPU, or
by firmware with a micro controller. It is also feasible to
perform self-mixing upon the mixed signal twice to find
another self-mixing frequency within a certain range around
multiples of the oscillation frequency. Alternatively, the
mixed signal may be replaced by the input signal for self-
mixing operations.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:
1. A method for detecting frequency offset of an oscillator,
comprising:
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8

receiving an oscillation signal having an oscillation fre-

quency;

generating a self-mixing signal according to the oscillation

signal;

performing frequency division upon the self-mixing signal

to obtain a down-converted self-mixing signal;
computing a down-converted self-mixing frequency corre-
sponding to a maximum power in a specific frequency
range of the down-converted self-mixing signal; and
computing a frequency offset of the oscillation frequency
according to at least the oscillation frequency and the
down-converted self-mixing frequency.

2. The method of claim 1, further comprising:

receiving an input signal having an input frequency.

3. The method of claim 2, wherein the step of generating
the self-mixing signal according to the oscillation signal com-
prises:

mixing the oscillation signal and the input signal to gener-

ate a mixed signal, and self-mixing the mixed signal to
produce the self-mixing signal; and
the step of computing the frequency offset comprises:
computing the frequency offset according to the oscillation
frequency, the input frequency and the down-converted
self-mixing frequency.

4. The method of claim 1, further comprising:

detecting a temperature of a crystal oscillator for generat-

ing the oscillation signal; and

storing the frequency offset and the corresponding tem-

perature.

5. The method of claim 4, further comprising:

when the crystal oscillator operates at the temperature

again, applying the stored frequency offset directly.

6. The method of claim 1, wherein the step of computing
the down-converted self-mixing frequency corresponding to
the maximum power in the specific frequency range of the
down-converted self-mixing signal comprises:

configuring the down-converted self-mixing frequency to

enter into a digital domain; and

computing the down-converted self-mixing frequency cor-

responding to the maximum power in the specific fre-
quency range of the down-converted self-mixing signal.

7. The method of claim 6, wherein the step of computing
the down-converted self-mixing frequency corresponding to
the maximum power of the down-converted self-mixing sig-
nal comprises:

performing a Fourier transform upon the down-converted

self-mixing signal to obtain the down-converted self-
mixing frequency corresponding to the maximum power
in the specific frequency range.

8. The method of claim 6, wherein the step of computing
the down-converted self-mixing frequency corresponding to
the maximum power of the down-converted self-mixing sig-
nal comprises:

performing a pattern correlation computation upon the

down-converted self-mixing signal to obtain the down-
converted self-mixing frequency corresponding to the
maximum power in the specific frequency range.

9. The method of claim 1, wherein the down-converted
self-mixing signal is generated by performing frequency divi-
sion upon the self-mixing signal based on a frequency divi-
sion factor; and the step of computing the frequency offset of
the oscillation frequency comprise:

multiplying the down-converted self-mixing frequency by

the frequency division factor, dividing a result by 2, and
obtaining the frequency offset by comparing the result
with the oscillation frequency.
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10. The method of claim 1, wherein the specific frequency
range is a fixed range close to a doubled oscillation frequency.

11. A circuit for detecting frequency offset of an oscillator,
comprising:

a self-mixer, arranged to generate a self-mixing signal
according to a received oscillation signal having an
oscillation frequency;

a frequency divider, arranged to perform frequency divi-
sion upon the self-mixing signal to obtain a down-con-
verted self-mixing signal; and

a control circuit, arranged to compute a down-converted
self-mixing frequency corresponding to a maximum
power in a specific frequency range of the down-con-
verted self-mixing signal, and compute a frequency off-
set of the oscillation frequency according to at least the
oscillation frequency and the down-converted self-mix-
ing frequency.

12. The circuit of claim 11, further comprising:

a mixer, arranged to mix the oscillation signal and the
received input signal having an input frequency to gen-
erate a mixed signal;

wherein the self-mixer self-mixes the mixed signal to pro-
duce the self-mixing signal; and the control circuit fur-
ther computes the frequency offset according to the
oscillation frequency, the input frequency and the down-
converted self-mixing frequency.

13. The circuit of claim 11, further comprising:

a thermal detector, arranged to detect a temperature of a
crystal oscillator; and

a storage device, arranged to store the frequency offset and
the corresponding temperature.

14. The circuit of claim 13, wherein when the crystal oscil-

lator operates at the temperature again, the control circuit
applies the stored frequency offset directly.

w

15

20

25

30

10

15. The circuit of claim 11, wherein the control circuit
comprises:

an analog-to-digital converter, arranged to configure the

down-converted self-mixing frequency to enter into a
digital domain; and

a frequency computer, arranged to compute the down-

converted self-mixing frequency corresponding to the
maximum power of the down-converted self-mixing
signal.

16. The circuit of claim 15, wherein the frequency com-
puter performs a Fourier transform upon the down-converted
self-mixing signal to obtain the down-converted self-mixing
frequency corresponding to the maximum power in the spe-
cific frequency range.

17. The circuit of claim 15, wherein the frequency com-
puter performs a pattern correlation computation upon the
down-converted self-mixing signal to obtain the down-con-
verted self-mixing frequency corresponding to the maximum
power in the specific frequency range.

18. The circuit of claim 11, wherein the down-converted
self-mixing signal is generated by the frequency divider hav-
ing a frequency division factor, which performs frequency
division upon the self-mixing signal; and the control circuit
comprises:

an operation circuit, arranged to multiply the down-con-

verted self-mixing frequency by the frequency division
factor, divide a result by 2, and obtain the frequency
offset by comparing the result with the oscillation fre-
quency.

19. The circuit of claim 11, wherein the specific frequency
range is a fixed range close to a doubled oscillation frequency.
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